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1 MlimkAr 

L Number 

Hits 

oearcn l ext 
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Time stamp 


219 

128/204.18,204.21,204.19,204.22,204.23,204.29,205.11,205.1 
and comparator 

2)28&A*;205.2' 
US-PGPUB; 
EPO; 

UbKWbN I 

t 2O6229gBSQ.12,Q03. 

- 

123 

128/204.18,204.21,204.19,204.22,204.23,204.29,205.11,205.1 
and comparator and transducer 

2|28&AE;205.2' 
US-PGPUB; 
EPO; 

RCDVA/CMT 

UbKWcN 1 

,2O82200Z2G.18;Q83. 

- 

73 

128/204.18,204.21,204.19,204.22,204.23,204.29,205.11,205.1 
and comparator and transducer and differential 

2i28&A*;205.2' 
US-PGPUB; 
EPO; 

r\CD\A/CMT 

UbKWbN 1 

,2062290220. 1Q;Q83. 

- 

0 

( 1 28/204. 1 8,204.21 ,204. 1 9,204.22,204.23,204.29,205. 1 1 ,205. ' 
and comparator and transducer and differential) and 
piezoresistive 

2JH*SXT9,205.2 
US-PGPUB; 
EPO; 

nCD\A/CMT 

UbKWbN 1 


- 

1748 

transducer and piezoresistive 

USPAT; 

US-PGPUB; 

EPO; 

nCD\A/[IMT 

UbKWtN 1 

2003/08/20 14:45 

- 

212 

transducer and (piezoresistive adj sensor) and circuit 

USPAT; 

US-PGPUB; 

EPO; 

UbKWtN 1 

2003/08/20 14:46 

- 

121 

(pressure adj transducer) and (piezoresistive adj sensor) and 
circuit 

USPAT; 

US-PGPUB; 

EPO; 

UbKWblN 1 

2003/08/20 14:46 

- 

37 

128/204.18,204.21,204.19,204.22,204.23,204.29,205.11,205.1 
and comparator and transducer and differential near amplifier 

2|28SAS;205.2' 
US-PGPUB; 
EPO; 

UbKWblN 1 

l,2O8229?efiG.19;063 

- 

3 

128/$,ccls. and comparator and transducer and (differential 
adj amplifier) and (delayed same feedback) 

USPAT; 

US-PGPUB; 

EPO; 

UbKWblN 1 

2003/08/20 17:46 

- 

1 

128/$.ccls. and comparator and transducer and (differential 
adj amplifier) and (voltage near clamping) 

USPAT; 

US-PGPUB; 

EPO; 

DERWENT 

2003/08/20 17:46 


7 

128/$.ccls. and amplifier and (voltage near clamping) 

USPAT; 

US-PGPUB; 

EPO; 

DERWENT 

2003/08/20 17:53 
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13,203.1 


13,203. 


13,203.1 
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[57] ABSTRACT 

An apparatus (10) for controlling the pressure of a respi- 
ratory gas delivered to a patient includes a phase detec- 
tion circuit (24) for determining the inhalation and exha- 
lation phases of the patient's respiratory cycle. More 
particularly, a flow signal representative of the respira- 
tory flow is compared to second signal, offset in time 
and scaled in magnitude relative to the flow signal, in 
order to determine the transition from one phase to the 
next 

27 Claims, 5 Drawing Sheets 
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INHALATION/EXHALATION RESPIRATORY 
PHASE DETECTION CIRCUIT 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

The present invention is concerned with an apparatus 
for controlling the pressure of a respiratory gas deliv- 
ered to a patient. More particularly, the preferred appa- 10 
ratus includes a trigger circuit for determining the inha- 
lation and exhalation phases of the patient's respiratory 
cycle. 

2. Description of the Prior Art 

Obstructive sleep apnea is a sleep disorder character- 15 
ized by relaxation of the airway including the genio- 
glossus throat muscle during sleep. When this occurs, 
the relaxed muscle can partially or completely block the 
patient's airway. Partial blockage can result in snoring 
or hypopnea. Complete blockage results in obstructive 20 
sleep apnea. 

When complete blockage occurs, the patient's inhala- 
tion efforts do not result in the intake of air and the 
patient becomes oxygen deprived. In reaction the pa- 
tient begins to awaken. Upon reaching a nearly awak- 25 
ened state, the genioglossus muscle resumes normal 
tension which clears the airway and allows inhalation to 
occur. The patient then falls back into a deeper sleep 
whereupon the genioglossus muscle again relaxes and 3Q 
the apneic cycle repeats. In consequence, the patient 
does not achieve a fully relaxed deep sleep session be- 
cause of the repetitive arousal to a nearly awakened 
state. People with obstructive sleep apnea are continu- 
ally tired even after an apparently normal night's sleep. 35 

In order to treat obstructive sleep apnea, a system of 
continuous positive airway pressure (CPAP) has been 
devised in which a prescribed level of positive airway 
pressure is continuously imposed on the patient's air- 
way. The presence of such positive pressure provides a 40 
pressure splint to the airway in order to offset the nega- 
tive inspiratory pressure that can draw the relaxed air- 
way tissues into an occlusive state. The most desired 
device for achieving a positive airway connection is the 
use of a nasal pillow such as that disclosed in U.S. Pat. 45 
No. 4,782,832, hereby incorporated by reference. The 
nasal pillow seals with the patient's nares and imposes 
the positive airway pressure by way of the nasal pas- 
sages. The nasal pillow also includes a small vent for 
continuously exhausting a small amount of air in order 50 
to prevent carbon dioxide and moisture accumulation. 

In the CPAP system, the patient must exhale against 
the prescribed positive pressure. This can result in pa- 
tient discomfort, especially at the higher pressure levels. 55 
Because of this problem, the so-called bi-level positive 
airway pressure (BiPAP) system has been developed in 
which the pressure is lowered during the exhalation 
phase of the respiratory cycle. Practical implementation 
of the BiPAP system has met with only marginal sue- 
cess because of the difficulty in accurately and reliably 
detecting the occurrence of the exhalation and inhala- 
tion phases of the respiratory cycle. Respiratory phase 
detection has been a problem because the continual air 
exhaust at the nasal pillow, and other system leaks, 65 
results in a net positive air flow to the patient. Thus, 
phase transition cannot be determined merely on the 
basis of a change in the direction of air flow. 


SUMMARY OF THE INVENTION 

The apparatus of the present invention solves the 
prior art problems discussed above and provides a dis- 
tinct advance in the state of the art More particularly, 
the apparatus hereof reliably determines inhalation and 
exhalation phases in the respiratory cycle in order to 
control respiratory gas pressure in response. 

The preferred embodiment of the invention hereof 
includes a gas supply for supplying a respiratory gas 
under pressure from a source thereof to a patient, a 
phase detection circuit for detecting the inhalation and 
exhalation respiratory phases, and a pressure controller 
for controlling the pressure delivered to the patient in a 
predetermined manner correlated with the respiratory 
phases. 

The preferred phase detection circuit produces first 
and second signals representative of respiratory gas 
flow with these signals being time displaced relative to 
one another and scaled in magnitude. With this configu- 
ration, the signals present different gains and voltage 
offsets relative to one another during respective phases 
of the respiratory cycle. These two signals are com- 
pared to determine transitions, which correlate with 
transitions from one respiratory phase to another. With 
reliable phase detection, the gas pressure delivered to 
the patient is controlled in accordance with the phases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of the preferred 
apparatus for facilitating the respiration of a patient; 

FIG. 2 is an electrical schematic of the preferred 
phase detection circuit of the apparatus of FIG. 1; 

FIG. 3 is a graph illustrating the flow and offset sig- 
nals of the detection circuit of FIG. 2 and illustrating 
patient inhalation and exhalation phases; 

FIG, 4 is an electrical block diagram illustrating the 
preferred pressure controller of FIG. 1; 

FIG. 5 is an exploded perspective view of the major 
components of the preferred valve of FIG. 1; 

FIG. 6 is a lower perspective view of the inlet/outlet 
housing of the valve of FIG. 5; 

FIG. 7 is a partial sectional view of the assembled 
valve of FIG. 5 illustrating the shiftable components in 
a first position; 

FIG. 8 is a partial sectional view of the assembled 
valve of FIG. 5 illustrating the shiftable components in 
a second position; 

FIG. 9 is a perspective view of a second embodiment 
of the valve of FIG. 1; 

FIG. 10 is a cut-away perspective view of the valve 
of FIG. 9; and 

FIG. 11 is a sectional view of the valve of FIG. 9. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring initially to FIG. 1, apparatus 10 includes 
gas source 12, control valve 14, pressure sensor 16 and 
flow sensor 18 coupled with a so-called ADAM circuit 
available from Puritan Bennett Corp. of Lenexa, Kans., 
which includes pneumatic hose 20 and nasal pillow 22. 
Apparatus 10 further includes phase detection circuit 24 
and pressure controller 26. In the preferred embodi- 
ment, components 12-18 and 24-28 are enclosed in a 
single housing to which the ADAM circuit is coupled. 

Gas source is preferably a variable speed blower 
operable to produce 120 liters per minute at 30 cm. 
water pressure. The preferred pressure sensor 16 is 
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available from Sensym Company as model number 
SCX01. Flow sensor 18 is preferably model AWM2300 
available from Microswitch Corp., transducer operable 
for producing an electrical signal on line 30 representa- 
tive of the air flow therethrough and thereby represen- 5 
tative of the air flow delivered to the patient 

FIG. 2 is an electrical schematic of phase detection 
circuit 24 which includes signal production circuit 32 
and signal processing circuit 34. Signal production cir- 
cuit 32 receives the flow signal from flow sensor 18 by 10 
way of line 30. This signal is Altered for noise and other 
transients by resistor Rl (22K) and capacitor CI (1 uF) 
connected as shown in FIG. 2 and delivered as signal 
"S" to signal processing circuit 34. 

Signal production circuit 32 also transforms the flow IS 
sensor signal into an offset signal "Sd" which is delayed 
in time and scaled in magnitude relative to signal S. 
Initially the flow sensor signal is time delayed by 200 
milliseconds using resistor R2 (100K) and capacitor C2 
(2.2 uF) interconnected as shown. The relative time 20 
delay between time signals S and Sd is illustrated by the 
graphs in FIG. 3. 

The time delayed signal is then delivered to the posi- 
tive input terminal of amplifier Al (type 3 58 A) with the 
output therefrom connected as feedback to a negative 25 
input terminal. The output of amplifier Al is also con- 
nected to output resistor R3 (22 IK). Amplifier Al func- 
tions as a voltage follower to provide a high impedance 
input to the flow signal. 

The conditioned time delay signal is then processed 30 
to scale the magnitude thereof so that signal Sd presents 
lower amplitude than signal S daring the inhalation 
phase, and so that signal Sd presents a higher amplitude 
than signal S during the exhalation phase as illustrated 
in FIG. 3. To accomplish this, the gain of the signal is 35 
changed independently for the inhalation and exhala- 
tion portions of the signal and a variable offset is added 
by the sensitivity potentiometers R4 and R5>. 

As discussed further hereinbelow, the output from 
phase detection circuit 24 produces a logic high output 40 
during exhalation and a logic low during inhalation. 
These outputs are also provided as feedback to signal 
production circuit 32, specifically to control terminal C 
of CMOS inhalation switch SI and to control terminal 
C of CMOS switch S2. These CMOS switches are type 45 
4066B and operate so that when a logic high input is 
provided to terminal C, the switch is "on," that is, con- 
nection is made between terminals "I and "O" thereof. 
When terminal C is low, the connection between termi- 
nals I and O is open. ^ 50 

During inhalation, terminal C of switch SI is low and 
the switch is off. Voltage is then supplied to the nega- 
tive input terminal of amplifier A2 (type 358A) by way 
of inhale sensitivity potentiometer R4 (500 Ohms full- 
scale), resistor R5 (10K) and resistor R6 (221K). Resis- 55 
tor R7 (22 IK) interconnects the output of amplifier A2 
with the negative input terminal thereof. The level of 
the voltage delivered to negative input terminal of am- 
plifier A2 determines the amplitude scaling of the de- 
layed flow sensor signal delivered to the positive input 60 
terminal. More specifically, potentiometer R4 is ad- 
justed to provide the desired offset of output signal Sd 
relative to signal S during inhalation. 

Also during inhalation, the logic low signal is deliv- 
ered to terminal C of switch S2 t which turns this switch 65 
off. In turn, a logic high signal is imposed on terminal C 
of CMOS switch S3 by way of resistor R8 (10K). This 
turns on switch S3 which imposes ground potential on 


4 

the voltage output from potentiometer R9 and resistor 
R10 and thereby disables the exhale sensitivity portion 
of the circuit 

During exhalation, a logic high signal is delivered to 
terminal C of switch SI which then turns on and im- 
poses ground potential on the voltage output from po- 
tentiometer R4 and resistor R5 in order to disable the 
inhalation sensitivity portion of the circuit. The logic 
high exhalation signal also turns on switch S2 which 
imposes ground potential on the voltage output from 
resistor R8. In turn, switch S3 turns off. This allows 
exhale sensitivity voltage to be delivered to the positive 
input terminal of amplifier A2 by way of exhale sensitiv- 
ity potentiometer R9 (500 Ohms full scale), resistor R10 
(10K) and resistor Rll (221K). Potentiometer R9 is 
adjusted to provide the desired offset of signal Sd rela- 
tive to signal S during inhalation. 

As illustrated in the graph of FIG. 3, signal produc- 
tion circuit 32 produces signals S and Sd so that the 
voltage level of signal Sd is less than that of signal S 
during inhalation. Conversely, the voltage level of sig- 
nal S is less than that of signal Sd during exhalation. 

Signal processing circuit 34 receives signals S and Sd 
and compares these signals to determine the occurrence 
of the inhalation and exhalation phases of the respira- 
tory cycle. Specifically, signal S is received at the nega- 
tive input terminal of comparator A3 (type 3 58 A) and 
signal Sd is received at the positive input terminal 
thereof by way of resistor R12 (100K). When the volt- 
age level of signal S is greater than that of signal Sd, the 
output from comparator A3 is logic low and inhalation 
is indicated thereby. When the voltage level of signal Sd 
is the greater of the two, comparator A3 output goes 
high and exhalation is indicated. 

Resistor R13 (100K), resistor R14 (10 m), and capaci- 
tor C3 (2.2 uF) are interconnected with comparator A3 
as illustrated in FIG. 2 and provide a signal blanking 
interval after a transition in the output of comparator 
A3. More particularly, resistor R13 and capacitor C3 
provide increased voltage hysteresis in the delivery of 
feedback from the output to the positive input terminal 
of comparator A3 in order to eliminate false triggering 
due to transients, noise or the like. Capacitor C4 (100 
nF) provides input smoothing for the supply voltage 
delivered to comparator A3. 

An inspection of the graphs of signals S and Sd in 
FIG. 3 illustrates crossover points 36 and 38, and arti- 
fact 40 at the inhalation peak in signal Sd. Crossover 
points 36,38 are determined by the time delay imposed 
by resistor R2 and capacitor C2, by the amplitude scal- 
ing, and by the offset voltages which can be adjusted by 
potentiometers R4 and R9 for the respective phases. 
Artifact 40 corresponds to the phase change from inha- 
lation and exhalation, and occurs because of the transi- 
tion of signal production circuit 32 between the inhala- 
tion and exhalation offset modes. The time delay from 
crossover 36 to artifact 40 corresponds to the blanking 
interval determined by the hysteresis of comparator A3 
as set by resistors R12, R13 and R14. Phase detection 
circuit 24 provides an output on line 42 representative 
of the inhalation and exhalation phases of the patient. 
More particularly, circuit 24 provides a logic high out- 
put at +10 VDC during exhalation and a logic low 
output at 0 volts during inhalation. 

FIG. 4 is an electrical block diagram illustrating pres- 
sure controller 26, control valve 14 and pressure sensor 
16. In general, controller 26 receives signals from phase 
detection circuit 24 and pressure sensor 16 and, in re- 
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sponse, operates valve 14 to maintain the respective motor shaft 80. Additionally, hub 108 includes aperture 
inhalation and exhalation pressures delivered to the 120 centrally defined through the upper surface thereof 
patient for receiving a locking screw therethrough which is 

Pressure sensor 16 provides a pair of differential volt- further received in motor shaft locking hole 81 for se- 
age signals to the corresponding inputs of differential 5 curing element 72 to shaft 80. Hub 108, ring 110 and 
amplifier 44 that responds by providing a voltage out- support bodies 114<j-c define three, equally spaced, 
put (Vp) to error detector 46 representative of the pres- exhaust ports 122a, 1226 and 122c presenting a shape 
sure being delivered to the patient Conventional error congruent with recesses 9da-c and configured for regis- 
detector 46 compares the pressure signal Vp with a set tration therewith. 

point pressure signal Vs in order to produce error signal 10 Valve element cover 74 includes inverted cup shaped 
Ve. member 124, presenting sidewall 126 and top wall 128, 

Set point signal Vs is produced by digital-to-analog and further includes inlet tube 130, outlet tube 132 and 
converter PAC) 48, DAC 50 and CMOS switch 52. valve fingers 134c, 1Mb and 134c. Inlet tube 130 is 
DAC 48 receives a digital input representative of the coaxial with cup shaped member 124 at top wall 128 
desired exhalation positive air pressure (EPAP) by way 15 while outlet tube 132 extends outwardly from sidewall 
of a set of five DIP switches 54, and converts the digital 126. Equally spaced fingers IMa-c depend downwardly 
output to a representative analog signal delivered to from inner surface 136 of top wall 128 and are config- 
tenninal 12 of switch 52. Similarly, DAC 50 receives its ured intercalate with fingers 116a-<: and with the spaces 
digital input for inhalation positive air pressure (IPAP) therebetween. Tubular member further includes spaced 
from a set of five DIP switches 56, and delivers its 20 slots 138 defined in the lower edge of sidewall 126 and 
analog output to terminal II of switch 52. Control ter- configured to register with a corresponding locking 
minal C is connected to line 42 and receives the inhala- boss 106 in order to secure cover 74 to valve base 70. 
tion and exhalation signals from phase detection circuit FIGS. 7 and 8 illustrate assembled control valve 14 
24. During exhalation, the 4- 10 VDC signal received at with valve fingers 134a-c of cover 74 fitting concentri- 
terminal C activates switch 52 to provide the EPAP 25 cally about valve fingers 116a-c of rotatable element 72. 
voltage at terminal 12 as the output Vs. During inhala- In operation, pressure controller 26 energizes valve 
tion, the logic low signal at terminal C causes switch 52 motor 78 in order to rotate element 72 clock- wise or 
to provide the IPAP voltage at terminal II as the output counter clock-wise between a fully closed position 
Vs. (FIG. 7), a fully opened position (FIG. 8), and intenne- 

Error signal Ve is provided to interface 58 which is a 30 diate positions therebetween, 
conventional interface circuit designed to transform In the fully closed position of FIG. 7, fingers 116c-c 
error signal Ve into a signal Vc compatible with valve and 134a-c are fully meshed in order to block the re- 
14 according to the specifications supplied by the manu- spective spaces and ports 122 are in complete registra- 
facturer. Signal Vc is delivered to power amplifier 66 tion with recesses 96a-c. In this position, all of the air 
and is inverted as a corresponding input to power am- 35 entering inlet tube 130 from source 12 exhausts through 
plifier 68. The net result is a differential voltage output ports 122a-c and recesses 96c-c. In the fully open posi- 
from amplifiers 66 and 68 which is delivered to the tion of FIG. 8, fingers 116a-c and 134a-c are in registra- 
terminals of the valve motor of control valve 14, as tion so that the spaces therebetween are open, and sup- 
explained further hereinbelow. port bodies 114a-c are in registration with and thereby 

FIGS. 5-8 illustrate preferred control valve 14, 40 block recesses 96a-c. With this orientation, all of the air 
which includes valve base 70, shiftable valve element 72 is exhausted through outlet tube 132 for delivery to the 
and valve element cover 74. Valve base 70 includes patient. 

housing 76 and valve motor 78 having motor shaft 80 The intermediate positions between fully opened and 
with locking hole 81 defined in the end thereof. fully closed allow respective portions of the inlet air to 

Housing 76 is preferably composed of synthetic resin 45 exhaust through recesses 96a-c and through outlet tube 
material having a generally cylindrical configuration 132. In this way, control valve 14 provides more precise 
and presents upper and lower sections 82 and 84. Upper control over the pressure delivered to the patient, and 
section 82 includes upper face 86 having centrally de- provides smoother transition between pressure settings, 
fined opening 88 for receiving motor shaft 80, Which In the operation of apparatus 10 during inhalation, it 
extends upwardly therethrough. Sidewalls 90 of upper 50 is necessary to provide sufficient pressure to maintain 
section 82 present a slightly smaller diameter than side- the airway pressure splint in the patient in order to 
walls 92 of lower section 84 and thereby define shelf 94 prevent occlusion. For patient comfort, however, it is 
for supporting valve cover 74. Housing 76 also includes desirable to lower the pressure to a level as low as possi- 
three, outwardly and upwardly opening recesses 96c, ble, including ambient pressure, while still maintaining 
96b and 96c presenting a generally trapezoidal configu- 55 sufficient pressure to keep the airway open. In order to 
ration in cross section. Each recess is defined by lower accomplish these benefits, phase detection circuit 24 
wall 98, and side walls 100, 102 and 104. Additionally, detects the inhalation and exhalation phases of the pa- 
upper section sidewalls 90 include three outwardly tient's respiration, and provides corresponding outputs 
locking bosses 106 located midway between adjacent to pressure controller 14. In the preferred embodiment, 
recesses 96a~c 60 controller 14 controls its output pressure in a predeter- 

Integral valve element 72 includes frusto-conically mined manner correlated with inhalation and exhalation 
shaped hub 108, support ring 110, three, pie-shaped, as indicated by the outputs received from circuit 24. 
equally spaced, support bodies 114a, 1146 and 114c More particularly, pressure controller 14 controls the 
interconnecting hub 108 and support ring 110, and pressure delivered to the patient at a higher level during 
three, rectangularly shaped valve fingers 116a, 1166 and 65 inhalation and a lower level during exhalation as deter- 
116c equally spaced about the periphery of hub 108 and mined by the settings on DACs 48,50. Typically, the 
extending upwardly therefrom. Hub 108 includes hole respective inhalation and exhalation pressure levels are 
118 defined in the lower surface thereof for receiving prescribed by the patient's physician. 
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FIGS. 9-11 illustrate control valve 140 which is an- processing means for processing said signals for de- 
other embodiment of a control valve for use in place of tertnining therefrom the occurrence of said respec- 
valve 14. Valve 140 includes valve body 142 and actua- tive phases and for producing outputs representa- 
tor assembly 144. Valve body 142 includes external tive of said phases. 

tubular inlet coupler 146 in communication with inlet 5 2. The apparatus as set forth in claim 1, said signal 

passage 148, and further includes exhaust passage 150 production means including flow sensor means for pro- 

and outlet passage 152 having external outlet coupler ducing said first signal representative of instantaneous 

154 extending therefrom. As illustrated in FIGS. 10-11, respiratory gas flow and time delay means for produc- 

exhaust and outlet passages 150,152 communicate with ing said second signal delayed in time relative to said 

inlet passage 148 and extend transversely therefrom, 10 first signal. 

parallel to one another. 3. The apparatus as set forth in claim 2, further in- 

Actuator assembly 144 includes valve motor 156, eluding amplitude scaling means for producing said 

valve stem 158, exhaust valve element 160 and outlet second signal scaled in amplitude relative to said first 

valve element 162. As illustrated in FIGS. 9-11, motor signal. 

156 is coupled to the bottom of body 142 with motor- 15 4. The apparatus as set forth in claim 3, said scaling 

actuated stem 158 extending upwardly therefrom means including means for scaling said amplitude at a 

through, and transverse to, exhaust and outlet passages fast level during one of said phases and means for scal- 

150,152. Valve elements 160,162 present oval-shaped mg ^ amplitude at a second level during the other of 

configurations and are coupled with stem 158 for rota- sa id phases. 

tion therewith. Element 160 is positioned in exhaust 20 5. The apparatus as set forth in claim 4 f wherein said 

passage 150, and element 152 is positioned in outlet means for scaling said amplitudes at a first level and a 

passage 152. Valve elements 160,162 function in a man- second level are accessible by a patient 

ner analogous to conventional butterfly valves. As illus- 6> The apparatus as set forth in claim 1, said process- 

trated, valve elements 160,162 are angularly displaced 2$ mg means including means for comparing the ampli- 

from one another on stem 158 by about 45°. Valve tudes of said first ^ second signals, for producing a 

motor 156 is coupled electrically with pressure control- first output when ^ ^ signal preS ents a greater 

ler 26 and receives signals therefrom in the same manner amplitude than said second signal, and for producing a 

n^*^*™™,™ 1 ** 1 *- , , . second output when said second signal presents a 

FIGS. 10 and 11 illustrate control valve 140 in the 3Q amplitude than said first signal, 

closed/exhaust position. In this position, exhaust valve r ^ apparatus ^ set forth in claim 1, said first and 

element 160 is positioned parallel to the air flow and signals ^nig electrical signals, 

outlet valve element 162 is positioned so that its edges 8 apparatus ^ set forth m claim 1( ^ outputs 

engage the sidewalls of outlet passage 152 to block all mcluding electrical signals. 

outflow. In other words all of the inlet air entering 35 9 ^ apparatus for footing the respiration of a 

through inlet passage 148 would exhaust through ex- tient ^ respiratory cycle with associated respira- 

haust passage 150 and none would be provided through flow and exhibiting inhalation and exhalation 

outlet passage 152 to the patient. In the open/outlet phases said apparatus comprising- 

position, elements 160 and 162 would be rotated clock- \ * 1 • • ^ j 

H ' T~ •? 1 j 7 ; \ supply means for supplying a respiratory gas under 

wise as viewed from above until the edges of exhaust 40 «^ from g ^ *^ f Q a ^ 

element 160 engage the walls defining ; exhaust passage ^ producing first and second signal repre- 

150. In this position, oudet element 162 is positioned »« FJ'^s <"* u ™ &1 s^" a 

parallel to the air flow through outlet passage 152. In sentaUv H e °[ respiratory gas flow with said sig- 

this way, no air is exhausted but rather, the Ml supply f\ production means further includmg means for 

is provided through outlet passage 152. 45 ddaymg one of said signals iin (time relative to the 

Motor 156 responds to the signals received from other of s^d signals; and said sign^ ^vmg respec- 

pressure controller 26 in order to position valve 140 in ^ amplitudes so that one of said signals presents 

the closed or open positions or any intermediate posi- *™* ter fnptode during at least a portion of 

tion therebetween. As with control valve 14, this ar- on f of P 1 ^ ™ d 50 other of S1 S" 

rangement allows smooth controllable transition be- 50 nals presents the greater amplitude during at least a 

tween the various valve positions. portion of the other of said phases; 

Having thus described the preferred embodiment of processing means for processing said signals for de- 

the present invention the following is claimed as new termining therefrom the occurrence of said respec- 

and desired to be secured by Letters Patent: *jve phases and for producing outputs representa- 

1. An apparatus for detecting the inhalation and exha- 55 tive of said Phases; and 

lation phases of a respiratory cycle having associated control means coupled with said supply means and 

respiratory gas flow, said apparatus comprising: said processing means for receiving said outputs 

signal production means for producing first and sec- and responsive thereto for controlling said respira- 

ond signals representative of the respiratory gas tory gas pressure to the patient in a predetermined 

flow with said signal production means further 60 manner correlated with said phases, 

including means for delaying one of said signals in 10- The apparatus as set forth in claim 9, said control 

time relative to the other of said signals; and said means including means for controlling said respiratory 

signals having respective amplitudes so that one of gas pressure at a first pressure level during the inhala- 

said signals presents the greater amplitude during tion phase and for controlling said respiratory gas pres- 

at least a portion of one of the phases and so that 65 sure at a second pressure level lower than said first level 

the other of said signals presents the greater ampli- during the exhalation phase. 

tude during at least a portion of the other of said 11. The apparatus as set forth in claim 10, said second 

phases; and pressure level including ambient pressure. 
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12. The apparatus as set forth in claim 10, said second 
pressure level including a pressure level greater than 
ambient. 

13. The apparatus as set forth in claim 9, said signal 
production means including flow sensor means for pro- 5 
ducing said first signal representative of instantaneous 
respiratory gas flow and time delay means for produc- 
ing said second signal delayed in time relative to said 
first signal. 

14. The apparatus as set forth in claim 13, further 10 
including amplitude scaling means for producing said 
second signal scaled in amplitude relative to said first 
signal. 

15. The apparatus as set forth in claim 14, said scaling 
means including means for scaling said amplitude at a 15 
first level during one of said phases and means for scal- 
ing said amplitude at a second level during the other of 
said phases. 

16. The apparatus as set forth in claim 15, wherein 
said means for scaling said amplitudes at a first level and 
a second level are adjustable by a patient. 

17. The apparatus as set forth in claim 9, said process- 
ing means including means for comparing the ampli- 
tudes of said first and second signals, for producing a ^ 
first output when said first signal presents a greater 
amplitude than said second signal, and for producing a 
second output when said second signal presents a 
greater amplitude than said first signal. 

18. The apparatus as set forth in claim 9, said first and 30 
second signals being electrical signals. 

19. The apparatus as set forth in claim 9, said outputs 
including electrical signals. 

20. A method for detecting the inhalation and exhala- 
tion phases of a respiratory cycle having associated 35 
respiratory gas flow, said method comprising: 

producing first and second signals representative of 
the respiratory gas flow from a signal production 
means, delaying one of said signal in time relative 
to the other of said signals, said signals having 40 
respective amplitudes, said first signal presents the 
greater amplitude during at least a portion of the 
inhalation phase, said second signal presents the 
greater amplitude during at least a portion of the 
exhalation phase; and 45 


10 


processing said signals for determining therefrom the 
occurrence of said inhalation and exhalation phases 
and for producing a first output corresponding to 
the inhalation phase and a second output corre- 
sponding to the exhalation phase. 

21. The method as set forth in claim 20, wherein said 
step of producing said first and second signals includes: 

using a flow sensor for producing said first signal, 
said first signal being representative of instanta- 
neous respiratory gas flow; and 

using time delay means for producing said second 
signal delayed in time relative to said first signal. 

22. The method as set forth in claim 21, further com- 
prising scaling said second signal in amplitude relative 
to said first signal. 

23. The method as set forth in claim 22, wherein said 
step of scaling said second signal includes: 

using scaling means for scaling the amplitude of an 
inhalation phase of said second signal to a first 
level; and 

using said scaling means for scaling the amplitude of 
an exhalation phase of said second signal to a sec- 
ond level. 

24. The method as set forth in claim 23, wherein said 
step of scaling said second signal includes making said 
scaling means accessible to a patient. 

25. The method as set forth in claim 20, wherein said 
step of processing said signals further includes: 

comparing the amplitude of said first signal and sec- 
ond signal; 

producing said first output when the amplitude of 

said first signal is greater than the amplitude of said 

second signal; and 
producing said second output when the amplitude of 

said second signal is greater than the amplitude of 

said first signal. 

26. The method as set forth in claim 20, wherein said 
step of producing said first and second signals includes: 

producing said first signal as an electrical signal; and 
producing said second signal as an electrical signal. 

27. The method as set forth in claim 20, wherein said 
step of processing said signals includes; 

producing said first output as an electrical signal; and 
producing said second output as an electrical signal. 
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[57] ABSTRACT 

A pressure sensor circuit (10A) is disclosed which pref- 
erably utilizes a piezoresistive pressure transducer 
(11 A) having a substantial temperature coefficient of 
resistance to provide an inherent temperature variation 
which is used to implement offset temperature compen- 
sation for the circuit. Two operational amplifiers (OA1, 
OA2) are configured along with selectable resistors (Ri r 
R9, R7, Rfe R5, R6 and R4) to implement four adjust- 
ments of the circuit (10A) to adjust span (gain), offset 
and temperature variation of both span and offset to 
achieve a desired result. All this is achieved while im- 
plementing a common mode gain for the circuit (10A) 
which is less than 5 and preferably no more than 2. 

24 Claims, 1 Drawing Sheet 
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brated. Some prior sensor circuits have provided a very 

PRESSURE SENSOR CIRCUIT low common mode gain, but this has been accomplished 

by the use of more than three operational amplifiers to 
FIELD OF THE INVENTION obtain the needed isolation of various signals. Other 
The present invention relates to the field of pressure 5 * ensor circuits have utilized one operational ampli- 
sensor circuits in which a sensed pressure results in a f ier » *> ut the Y have been unable to provide sufficient 
corresponding electrical signal having a desired sensed isolation of sensor signals to perform all four of the 
pressure versus electrical signal transfer characteristic. needed adjustments while m in imizing common mode 
More specifically, the present invention relates to a gain. Typically, such a single operational amplifier cir- 
pressure resistive sensor providing a pair of output sen- ^ cuit is difficult to adjust since several of the needed four 
sor signals with the difference between these signals adjustments affect common mode unbalance, 
related to the magnitude of sensed pressure and an ad- A sensor circuit using two operational amplifiers has 
justment circuit means for processing these output sen- been provided arid is shown in FIG. 1. This prior art 
sor signals to provide a desired output signal having a circuit is capable of implementing all four needed ad- 
desired magnitude variation as a function of sensed 15 jiistments. However, this circuit has a common mode 
pressure and temperature. gain of approximately 20. For small long term common 

BACKGROUND OF THE INVENTION . J^IS^S^^-S 

Previously, pressure resistive sensors have been used of the sensor circuit While various passivations for the 
to provide a pair of output sensor signals with the differ- 10 pressure sensor itself tend to nunimize the amount of 
ence between these signals being related to the magni- j 0 ng term drift, this does not eliminate the problem to a 
tude of sensed pressure. Typically, an adjustment circuit sufficient extent, 
receives these sensor signals and provides four separate 

adjustments for controlling the variation of a desired OBJECTS OF THE INVENTION 

pressure related output signal, derived from the pair of 25 ^ ob j ect Qf ^ present invention is to provide an 
sensor signals, with respect to pressure and tempera- improved pressure sensor circuit which overcomes the 
ture. For zero applied pressure, the difference between above noted advantages of prior pressure sensor 
the sensor output signals should be zero and this differ- circuits 

ence should be maintained despite temperature varia- A mofe ific object of tbe nt mvention is to 
tons, however sensor construction results in differ- 30 ^ ^ improved re sensor circuit havin a 
ences between the sensor output signals which are not £ ommon mode k of less %hm five ^ nwumzmg 
due to sensed pressure, and these differences may have 4 , n „ . * M „ ertf . 

both temperature dependent and absolute difference the cost of such a pressure sensor circm . 
(Temperature independent) components. Thus prior An additional object of the P^«~^»to 
circuits have typically provided separate adjustments 35 P r °V'de an improved pressure sensor circuit having a 
for the absolute aempermure independent) and temper- «P«fic c * cult configuration which utilizes only wo 
ature dependent variation of the "offset" of the desired operational amphfiers and provides for implementing 
output signal due to the existing nonpressure related f 11 four of ne ^ ded adjustments while minimiz- 
difference between the sensor output signals. In addi- m S common mode gain. 

tion, typically sensor circuits should provide a desired 40 BRIEF DESCRIPTION OF THE DRAWINGS 
known range for an output signal voltage which corre- 

spends to a desired variation of sensed pressure. This is The present invention can be better understood by 
typically referred to as "span" and generally corre- reference to the drawings in which: 
sponds to the gain implemented by the adjustment cir- FIG- f >» ? schematic diagram of a prior art pressure 
cuit with regard to the output pressure related signal of 45 sensor circuit; 

the circuit and the difference between the two sensor FIG- 2 is a schematic diagram of an equivalent elec- 
output signals. In addition, this span has its own temper- trical circuit for a pressure sensing element; and 
ature variation which should be compensated for. FIG. 3 is a schematic diagram of a pressure sensor 

The bottom line is that there are generally four sepa- circuit constructed in accordance with the present in- 
rate adjustments, span, offset, and temperature variation 50 vention. 

of span and offset, which are implemented by a pressure DESCRIPTION OF THE PREFERRED 

sensor adjustment circuit. Some prior pressure sensor EMBODIMENTS 
circuits have implemented all four of these adjustments, 

but have done so while inherently providing a substan- Referring first to the prior art circuit configuration 
tial common mode gain. This "common mode gain" 55 shown in FIG. 1; a pressure sensor circuit 10 is illus- 
means that even if the difference between the two sen- trated. The circuit includes a pressure transducer, or 
sor output signals is related to only pressure, an equal pressure sensing element, 11 for sensing pressure and in 
variation of both of these signals will not cancel out, and response thereto providing a first sensor voltage signal 
that , will result in a variation of the desired output sig- and a second voltage sensor signal S~ at first and 

nal. It has been found that for some pressure sensors 60 second output terminals 12 and 13 of the sensor 11. The 
long term drift in the same direction for both of the pair differential voltage between the sensor signals S+ and 
of sensor output signals may result. With a high com- S~ is related to sensed pressure, 
thon mode gain, this results in a substantial and unde- Preferably, the sensor 11 is a piezoresistive pressure 
sired variation of the magnitude of the desired output sensor in which an equivalent pressure variable resistor 
signal such that the output signal ho longer has a direct 65 K p varies in accordance with sensed pressure. FIG. 2 
calibrated correspondence to sensed pressure even illustrates a typical equivalent circuit for such a pressure 
though all four of the previously mentioned adjustments sensor 11 with the pressure variable resistor R, being 
were made when the sensor circuit was originally cali- connected in series with non-pressure variable resistors 
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R/A-i and Rim between terminals 14 and 13, separate Rs is used to adjust the temperature coefficient of the 
from the terminals 12 and 13, across which a differential offset for the output signal V our due to any non-pressure 
applied voltage of V+"V- is applied. While a series related difference between the signals S+ and S-. This 
equivalent circuit for the sensor 11 is shown in FIG. 2, is referred to as the temperature coefficient offset ad- 
another way of schematically illustrating the equivalent 5 justmerit. The variable resistor R4 is utilized to adjust 
circuit of the sensor 11 would be to illustrate a bridge the absolute value of the span or gain of the circuit 10. 
configuration. In such a bridge circuit a pair of pressure The resistors R3 and R6 are utilized to adjust the abso- 
independent resistors are connected with a pair of pres- lute value of the offset of this circuit, 
sure variable resistors with a„yoltage differential of V+ While the circuit configuration shown in FIG. 1 per- 
to V- being applied across the bridge and the bridge 10 formed satisfactorily in the absence of common mode 
providing a differential output of S+ — S~ across output drift for the sensor 11, the circuit did not function as 
terminals 12 and 13. Regardless of which equivalent well when such drift was present because it imple- 
circuit is utilized to depict the pressure sensor 11, trie mented a common mode gain of approximately 20. It 
operation of the circuit 10 is identical. can be shown that the transfer function for the circuit 10 

Referring again to FIG. 1, the sensor voltage signal 15 can be approximately represented by the equation: 
S~ is directly connected to a non-inverting input IN+ 

of a first operational amplifier OA1. The terminal 15 at ^ (1) 

which the applied voltage V- is provided at is con- Vtmt = -^j- <$ + - s~) .+ s + - 
nected through an adjustable resistor Rs to a terminal 18 

which is an inverting input IN - of the operational am- 20 . 
plifier OA1. The output of the first operation amplifier JJi. [ J*L. + + + JLL J s 

is provided at a terminal 19 which is connected through * 2 \ R * R * Rl R * ' 

a negative feedback resistor R3 to the terminal 18 and 

through a resistor R2 to a terminal 21. The signal at the R* ( Ri Ry \ 

terminal 19 is designated as VI to indicate that this is an 25 -£T" ^"^7" + TT ^~ / 

intermediate voltage signal provided at this terminal 

which is related to the sensor output voltage signal S- d ta f fte , y 

The terminal 18 ,s connected to ground through a van- fl functio| f of ^ differcncc betv 4n S+ 

able resis or R 6 and » connected to a po .twe source of * of S+ and S- in the same 

fixed voluge potent!alV« at a terminal 23 through a 30 ; should cancel out. Equation 1 illustrates that 

vanable res.stor R 5 . The tennmrf 1 i ■ connected to ^ mode y in 

ground through the parallel combination of an adjust- c . . . ^ AU - # . r ^ 

\ , J? « • ■ . ^ ml-* * of zero, which is a desired condition, the folio wing 

able resistor R i and a negative temperature coefficient 1 . . ■ . ... ' , . ® 

thermistor RT-. The teLnal 14 is connected to the «J«»ty . m »£ be achieved since V+ and V- do not 

terminal 18 through a variable resistor R 7 and is con- 35 | h _ an 8 e for expected var.at.ons of S+ and 

nected to the terminal 23 through the parallel combina- * 

tion of a variable resistor R9 and a thermistor RT+. 

In circuit 10, the sensor output signal S+ at the termi- R / R R R R \ CT 

nal 12 is connected to a terminal 20 corresponding to 1 = f — i- + + + -^j- J 

the non-inverting input IN+ of a second operational 40 2 \ 5 6 

amplifier OA2 which has its inverting input IN- di- . » . , . - . . f vi 

rectly connected to the terminal.21. The output of the However, the condition of equation 2 is not feasible 

second operational amplifier OA2 is provided at an to achieve since the ratio of resistors R4X0 R2 must be 

output terminal 22 which is connected by means of a substantial to achieve a reasonable gain for the circuit 

variable feedback resistor R4 to the terminal 21. The 45 and the right side of equation 2 must be approximately • 

signal at the terminal 22 is designated as V 0 ut and has a 20 in order to allow proper adjustment for offset for the 

desired pressure arid temperature variation characteris- signal V«„. In addition, another shortcoming of the 

tic. the sensor 11 shown in FIG. 1 is a piezoresistive P™* art circuit 10 is that it requires the use of thenms- 

sensor having a temperature coefficient of resistance for tors RT+ and RT-. These components represent addi- 

ifs pressure variable and nonpressure variable resistors 50 tionaJ circuit components and therefore represent an 

of less than 0.30% per degree C, and in actuality having additional cost in parts and assembly, 
a temperature coefficient resistance of 0.27% per de- To overcome the deficiencies of the prior art circuit 

gree C. FIG. 1 indicates typical values, in ohms, for the 10 shown in FIG. 1, an improved sensor circuit 10A as 

resistors of circuit 10. The alphabetic designation K for shown in FIG: 3 was implemented. The improved cir- 

a resistor value indicates a multiplier of 1,000. The oper- 55 cuit configuration 10A utilizes a piezoresistive pressure 

atibn of the prior art circuit 10 will now be discussed. transducer 11A wherein now the temperature coeffici- 

The circuit 10 implements all four of the neededi sig- ent of resistance of the resistors of this transducer is 

nal adjustments. such that the output signal V^nas a substantial. This substantial coefficient is more than 

desired pressure and temperature variation. However, 0.30% per degree C. and in actuality is 0.35% per de- 

this circuit configuration implements a common mode 60 gree C. indicating a 25% higher temperature coefficient 

gain of 20 and therefore is subject to errors due to com- of resistance than the transducer 11. The piezoresistive 

mbn mode variation of the pair of sensor output Signals transducer 11 A is implemented by using different dop- 

S+ and Sr. The present invention will reconfigure the ing levels of boron in the manufacture of the pressure 

circuit configuration shown in FIG. 1 so as to overcome transducer. It should be noted that in both of the trans- 

this problem. 65 ducers 11 and 11A a typical value for the pressure vari- 

For the circuit 10, the resistors R9 and Ri are utilized able resistor R p is somewhere between 3 and 10 ohms 

to selectively adjust the temperature coefficient f the over the range of pressures being measured whereas the 

span (gain) of the circuit 10. One of the resistors R?and fixed resistors R/m and R/A7 are both approximately 
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220 ohms. This therefore indicates the need for a sub- temperatures. In practice, temperatures of 25" C. and 
stantial gain which must be implemented by the remain- 85 * C. were selected to achieve this adjustment. Thus 
ing circuitry to produce a measurable variation in the for a known change in pressure the change in V 0 ut is 
output signal V 0 ut as a function of pressure. measured at one temperature, the temperature is 

In addition to the circuit 10A utilizing the transducer 5 changed, and one of the resistors R? or Rt is adjusted to 
11A rather than the transducer 11, there are no thermis- achieve the same V w , magnitude change for the same 
tors provided in parallel with resistors K\ and R 9 as pressure change. Subsequently, the span of the circuit 
shown in FIG. 3. In addition, and very significantly, the hja is adjusted at a fixed temperature by adjusting the 
offset adjustment resistors R 5 and R 6 are now no longer magnitude of the resistor R4 to get a desired change in 
connected to the terminal 18 but are now connected to 10 output voltage versus a known change in pressure. The 
the terminal 21. Except for these changes, and the fact _ adjustment assures that a proper difference or 
that the resistors shown in FIG. 3 now have somewhat between maximum and minimum values of the 

different noxmnaj values as mdicated in FIG. 3 the ^ } y will occur f or ±e expected range of pres- 
circuitry of the circuit 10A is .dentical.tq that of the to "be «nied. In other words a proper AV W , will 

Circuit 10 shown in FIG ^1. However now the ^Wer 15 resu jt f r0 m the expected A pressure range, 
characteristic for. the voltage V 0tf , for the circuit 10A is ^ ^ ^^adjustment to be implemented is for 
ap^oximately expressed by the following equation 3 ^ temp ^ ature ^tienl of offset and this is achieved 
w w * by adjusting one of the resistors R7 or Rs. These resis- 

tors are adjusted such that for zero pressure at two 
v wt = — (S+ - s-) - v C c + <3> 20 different temperatures, such as 25* C. and 85* C, there 

R * Ri will be zero variation of the output voltage V out . 

The fourth adjustment to be implemented is the offset 
/U ( JRj_ + v- ^ adjustment for the circuit 10A and this is achieved by 

*2 k *7 + *s r „ adjusting one of the resistors R5 or R6. The adjusted 

resistor is adjusted such that for zero sensed pressure a 
f R R \ r 4 f Ri Rs \ desired absolute magnitude of the output signal Vaut is 
M + -gj- + -3^- \s+ - f + -^j- Is- achieved. After initially implementing the above four 

adjustments, it was found that there may be required an 

_ - «. 4 r r * *t • m additional minor adjustment of the gain (span) by ad- 

Because of this new transfer function for the circuit 30 J f . t/ r D , ' an 

„ nA - j 1. j_* • i_* justing the magmtude of the resistor R4 ana then an 

10A, as expressed above, m order to implement a com- •* ... . 0 . . f ... 

' . , r . * *r. u • additional minor adjustment of the offset by adjusting 

mon mode gam of zero, the condition of the following fAl _ . ^ - ...... ^i^'—^aL 

equation must be met since V+ and V- do not change on * of * c resistors R 5 or R 6 . With the adjustments made 

significantly for variations of S+ and S-: m th < abo . ve notcd s ^ ce > the circuit 10A has been 

' 35 found to implement a desired pressure sensor circuit 

having a common mode gain of no more than two white 

( Ra Ra \ ( Rs r 3 \ utilizing only two operational amplifiers and having 

I 1 + ^j- + -^j" J" I "357" + "7t7" ) fewer components since a transducer having a substan- 
tial temperature coefficient of resistance has been uti- 

By choice of the magnitude of resistors R 2 and Rj for 40 J** thus eliminating the need for thermistors as part of 

typical values of the other resistors, this condition can t l u j j u j 

met to a very close degree such that a common mode ^hile I have shown and desenbed specific embodi- 

gainoflessthan5andprtferablynbmorethan2 ( andin of * hiS invention further nwd^cations and m,- 

fact of no more than 1.5, can be readily implemented. Pavements will occur to those skilled in the art All 

This occurs because the resistors R 5 and R 6 , because of 45 such modifications, such as providing a current output 

their present positioning, now provide an effect for the signal "t^r than a voltage output signal V™,, which 

amplification of the signal S+ with respect to the trans- retam the basic underlying principles disclosed and 

fer characteristic so as to potentially cancel the effect of <= laimed herem « Wlthjn SC0 P e of invention, 

resistors R4, R2, R3, R? and Rs with respect to the ampli- 1 claim: 

fication of the signal S~. Thus providing the absolute 50 LA pressure sensor circuit comprising: 

offset adjustment resistors R 5 and R 6 at an input of OA2, a pressure resistive sensor means for sensing pressure 

while providing the additional temperature offset ad- and in response thereto providing first and second 

justment resistors R7 and Rg at an input of OA1 has sensor signals at first and second sensor output 

created an improved circuit. In addition, because the terminals of said sensor means, the differential sig- 

transducer 11A is utilized, the temperature variation 55 nal between said output terminals related to the 

produced by the transducer 11A itself is utilized for magnitude of sensed pressure, and 

adjustment of the temperature coefficient of offset and adjustment circuit means for receiving said first and 

span by the resistors Ri and R 9 and R7 and R«. This second sensor signals and providing in response 

eliminates the use of additional thermistor components thereto a pressure related output signal having a 

and therefore reduces the cost of the circuit 10A. 60 desired magnitude variation characteristic as a 

The method for adjusting the resistors in the circuit function of pressure and temperature, 

10A so as to achieve the four necessary adjustments for said adjustment circuit means including resistive 

a pressure sensor circuit is as follows. means for adjusting the span of said desired output 

For the circuit 10A in FIG. 3, the first adjustment to signal as a function of pressure, the absolute offset 

be made is for the temperature coefficient of the span 65 of said output signal with respect to said first and 

(or gain) of the circuit. For this adjustment resistors Ri second sensor signals, and the temperature coeffici- 

and R9 are adjusted to obtain a zero temperature varia- ent of variation' of both said offset and said span, 

tion of the output voltage gain for V ou/ at two different said adjustment circuit means including at least and 
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no more than two operational amplifiers with one 
of said first and second sensors signals coupled to 
an input of a first, one of said two operational ampli- 
fiers which provides an output coupled to an input 
of a second one of said two operational amplifiers 
which provides an output corresponding to said 
pressure related output signal, said two operational 
amplifiers providing a common mode gain for said 
desired output signal with respect to said first and 
second sensor signals of less than five. 

2. A pressure sensor circuit according to claim 1 
wherein said common mode gain is no more than 2. 

3. A pressure sensor circuit according to claim 1 
wherein said adjustment circuit means includes offset 
adjustment resistors connected to one input terminal of 15 
one operational amplifier which receives one of said 
sensor signals at another input terminal of said one oper- 
ational amplifier and provides at an output terminal of 
said one operational amplifier said desired pressure 
variable output signal. 

4; A pressure sensor circuit according to claim 3 
wherein said adjustment circuit means includes another 
operational amplifier which receives as an input and 
amplifies another of said sensor signals and has its out* 
put coupled to said one input terminal of said one opera- 25 
tional amplifier. 

5. A pressure sensor circuit according to claim 4 
wherein said pressure resistive sensor means comprises 
a piezoresistive pressure sensor. 

6. A pressure sensor circuit according to claim 5 
wherein a selectable feedback resistance is connected 
from the output of said one operational amplifier to said 
one input terminal thereof for controlling the gain of 
said one operational amplifier, wherein offset adjust- 
ment resistor means, which comprises said offset adjust- 
ment resistors, is connected to said one input terminal of 
said one operational amplifier for resistively selecting a 
desired offset adjustment for said desired pressure re- 
lated output signal with respect to said first and second 
sensor signals, and wherein additional adjustment resis- 40 
tors are connected to one of the inputs of said another 
operational amplifier for implementing an additional 
offset adjustment. 

7. A pressure sensor circuit comprising: 
a pressure resistive sensor means for sensing pressure 45 

and in response thereto providing first and second 
sensor voltage signals' at first and second sensor 
output terminals of said sensor means, the differen- 
tial voltage between said output terminals related 
to the magnitude of sensed pressure; and 

adjustment circuit means for receiving said first and 
second sensor voltage signals and providing in 
response thereto a pressure related output signal 
having a desired voltage variation characteristic as 
a function of pressure and temperature, 

said adjustment circuit means including resistive 
means for adjusting the span of said desired output 
signal as a function of pressure, the absolute offset 
of said output signal with respect to said first and 
second sensor signals, and the temperature coeffici- 
ent of variation of both said offset and said span, 
said adjustment circuit means including at least and 
no more than two operational amplifiers with one 
of said first and second sensors signals coupled to 
an input of a first one of said two operational ampli- 65 
fiers which provides an output coupled to an input 
of a second one of said two operational amplifiers 
which provides an output corresponding to said 
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pressure related output signal, said two operational 
amplifiers providing a common mode gain for said 
desired output signal with respect to said first and 
■ second sensor signals of less than five. 

8. A pressure sensor circuit according to claim 7 
wherein said common mode gain is no more than 2. 

9. A pressure sensor circuit according to claim 8 
wherein said adjustment circuit means includes offset 
adjustment resistors connected to one input terminal of 
one operational amplifier which receives one of said 
sensor voltage signals at another input terminal of said 
one operational amplifier and provides at an output 
terminal of said one operational amplifier said desired 
pressure variable output signal. 

10. A pressure sensor circuit according to claim 9 
wherein said adjustment circuit means includes another 
operational amplifier which receives as an input and 
amplifies another of said sensor voltage signals and has 
its output coupled to said one input terminal of said one 

20 operational amplifier. 

11. A pressure sensor circuit according to claim 10 
wherein said pressure resistive sensor means comprises 
a piezoresistive pressure sensor. 

12. A pressure sensor circuit according to claim 11 
wherein a selectable feedback resistance is connected 
from the output of said one operational amplifier to said 
one input terminal thereof for controlling the gain of 
said operational amplifier, wherein offset adjustment 
resistor means, which comprises said offset adjustment 
resistors, is connected to said one input terminal of said 
one operational amplifier for resistively selecting a de- 
sired offset adjustment for said desired pressure related 
output signal with respect to said first and second sensor 
voltage signals, and wherein additional adjustment re- 
sistors are connected to one of the inputs of said another 
operational amplifier for implementing an additional 
offset adjustment. 

13. A pressure sensor circuit comprising: 
a pressure resistive sensor means for sensing pressure 

and in response thereto providing first and second 
sensor voltage signals at first and second output 
terminals of said sensor means, the differential volt- 
age between said first and second sensor voltage 
signals being related to sensed pressure, and 
adjustment circuit means for receiving said first and 
second sensor voltage signals and providing in 
response thereto a desired pressure related output 
signal having a desired voltage variation character- 
istic as a function of pressure and temperature, 
said adjustment circuit means including first and sec- 
ond operational amplifiers each having first and 
second input terminals of opposite polarity and an 
output terminal, said first operational amplifier 
receiving said second sensor voltage signal at its 
first input terminal and having temperature com- 
pensation adjustment resistors connected to its 
second input terminal for adjusting the temperature 
variation characteristic of said output signal, said 
second operational amplifier receiving said first 
sensor voltage signal at its first input terminal and 
having its second input terminal coupled to the 
output of said first operational amplifier for receiv- 
ing the output thereof, said second' operational 
amplifier providing at its output said desired pres- 
sure related output signal and having a selectable 
feedback resistance connected from its output to its 
second input terminal for controlling the gain of 
said second operational amplifier, and offset adjust- 
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ment resistor means connected to said second input said pair of selectable resistors determining the tempera- 
' terminal of said second operational amplifier for ture coefficient of the offset of said desired pressure 
resrstively selecting a desired offset adjustment for related output signal with respect to said first and sec- 
said pressure related output signal with respect to ond sensor voltage signals. 

said first and second sensor voltage signals. 5 20. A pressure sensor circuit according to claim 19 

14. A pressure sensor circuit according to claim 13 wherein said offset adjustment resistor means includes a 
wherein said pressure resistive sensor means comprises f^t offset adjustment resistor connected between 
a piezoresistive pressure sensor. ground potential and said second input terminal of said 

15. A pressure sensor circuit according to claim 14 second operational amplifier and a second ofTset adjust- 
wherein said piezoresistive pressure sensor has positive 10 ment resistor connected between a source of voltage 
and negative applied voltage input terminals, separate potential other than ground potential and said second 
from said first and second' sensor output teminals, for mpu t terminal of said second operational amplifier, 
having a ^voltage applied ^thereacross, said piezoresistive wherem ^ offset rtyjsxmenx resistors determine a 
sensor effectively mcludmg at least one pressure van- absolute offset fof ^ desired pressure ^ Ut&x 
able resistance^ a pair of non-pressure variable resis- 15 rf ^ ^ m tQ ^ ^ ^ |eKmd sensQr 
tances which detenmne said sensor voltage signals. voltaee signals 

16. A pressure sensor circuit according to claim 15 « m ^ woonHag to claim 30 
wherem sari p,ezores.sttve sensor comprises a piezore- , es thc t of J d flist 

sistive sensor having a temperature coefficient of resis- , ... . *~ , . • , ^f- A 

tance for its pressure variable and non-pressure variable 20 tional amplifier to the second mput terminal of said 

rTJanlc nf ™™ Z o ;n7 r « nn second operational amplifier, said feedback resistor and 

resistances 01 more tnan 0.3Qt» per degree C as op- . . . *, ^ . . _ r . . 

• . . * . £ ■ * * said coupling resistor determining the gam of said sec- 
posed to a piezoresistive sensor having a temperature " F . 6 l " ULU » wwuu,m 6 * 
coefficient of resistance of less than 0.30% per degree ond operational amplifier. 

c • 22. A pressure sensor circuit according to claim 21 

17. A pressure sensor circuit according to claim 16 25 ***** «M second input terminal of said second oper- 
which includes a first selectable non-temperature van- anonaTamplifier is an inverted mput terminal. 

able resistance connected between a voltage potential . » * P^ ssure sc " sor arcui ! acoording to claim 13 

and said first sensor applied voltage input terminal and wfierein said f co . n <* m P ut terminal of said second oper- 

a second non-temperature variable selectable resistor at * onal amplifier is an inverted mput terminal, 

connected between another different voltage potential 30 3*. A pressure sensor circuit according to claim 13 

and said second sensor applied voltage input terminal. wherein said ofTset adjustment resistor means includes a 

18. A pressure sensor circuit according to claim 17 first offset adjustment resistor connected between one 
wherein said another different voltage potential corre- voltage potential and said second input terminal of said 
spends to ground potential. second operational amplifier and a second offset adjust- 

19. A pressure sensor circuit according to claim 17 35 ment resistor connected between another voltage po- 
which includes a pair of selectable resistors a second tential other than said one voltage potential and said 
one of which is connected between said second sensor second input terminal of said second operational ampli- 
applied voltage input terminal and said second input fier t wherein said offset adjustment resistors determine a 
terminal of said first operational amplifier and a first one desired absolute offset for said desired pressure related 
of said pair of selectable resistors connected between 40 output signal with respect to said first and second sensor 
said first sensor applied voltage input terminal and said voltage signals. 

second input terminal of said first operational amplifier, ***** 
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